Introduction

32
Environmental cleaning is one of the important topics of sustainability. Here the reaction of 33 hydroxyl radical and removal of formaldehyde are discussed by using wasted rock powders (green 
36
Nowadays, Hinai Green tuff in Akita prefecture, Japan is utilized in building wall and floor as a 37 beautiful greenish color of block (Towada Stone), and so on. However, when the tuff stone is 38 quarried and grinding, about 60% of all quarried stone becomes wastes powders. It is important to 39 utilize large amount of produced green tuff powder. Several applications have been suggested to 40 use cutting powder of green tuff, for example, utilization in food processing [2] , activation of 41 microorganisms [3] , precipitation regents for wastewater treatment [4] , and adsorption of chemical 2 of 9 less than 1mm) mixture with 40 wt% of white Portland cement at 20 o C for 10 days. They measured 44 the adsorption qualities of toluene and acetaldehyde in the air using these boards and reported that 45 the adsorption characteristics was similar to the board used in diatomaceous earth [5] . On the other 46 hand, LIXIL Co. produced the "ECOCARAT" tile to adsorb the toluene and acetaldehyde [6] 
68
surface area is 4.0m 2 /g, the peak in pore size distribution is 51 nm and pore volume is 0.028 cm 3 /g. [3] .
69
The zero point of charge is about pH 2.5 [4]. 
71
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The green tuff powder 1g was mixed in a 50 mL tube with 0.1 w/v hydrogen peroxide, which was 
97
To quantify free radical generation capacity, oxidant species was mixed with free radical generation system 98 few hours before the ESR measurement. When I 0 and I are the ESR peak height in the presence of ST alone and 99 ST+oxidant, respectively, the amount of free radical generation system oxidized by oxidant species is I 0 -I.
100
Thus, I 0 / I -1 are calculated to quantify free radical generation capacity. In this study, only on the forth peak 101 near the center of spectra (marked with inverted triangle sign) is focused to quantify the amount of hydroxyl 102 radical adduct.
103
To investigate the effect on calcination temperature of green tuff powder for free radical generation, 0. 
111
The calcined powders are used to produce the title. The tile can be used as building materials (i.e.
112
for wall and floor), since its quality is comparable to other conventional materials. In this experiment 113 the small manually operated molding machine is used to produce the rectangular molded blocks as 114 shown in Figure 2 . 
142
The as-received green tuff powder and green tuff powder calcined at 800 ℃ is put into ion- 
150
Hydroxyl radical measurement results
151
The green tuff powder and calcined powder are put into 0.1wt% H2O2 solution. ESR spectrum 152 measured after 24 hours passed without UV irradiation is shown in Figure 5 . There is no spectrum 
158
When the strong UV light is applied to the all specimen, the large hydroxyl radical ESR peaks are 
165
Plank constant and ν is light frequency.
166
H2O2 + hν= 2・OH (1)
167
On the other hand, Fenton reaction shows the following equation, however, this spectra by ESR is 168 indicated by Eq. (1) as the iron in calcined green tuff is Fe 3+ .
169
Fe 2+ + H2O2 → Fe 3+ + OH-+ ・OH
170
The green tuff calcined from 600 o C to 1100 o C reduces the hydroxyl radical faster and the one calcined
171
at 800 o C is the largest reduction materials of hydroxyl radical.
172
No UV light 
208
The green tuff powder calcined at 800 o C showed alkaline solution of pH 10.8 in the water and
209
hydroxyl radicals were produced in the 0.1% of H2O2 aqueous solution without UV light.
210
In the irradiation of UV, the green tuff powder calcined at 800 o C, the amount of hydroxyl radical 211 in H2O2 aqueous solution decreased. The as received green tuff and calcined one at more than 212 1200 o C did not decrease the hydroxyl radical, as indicated by ESR spectra measurement.
213
The tile produced by pressing at 40MPa and heating at 1100 o C showed the greatest strength,
214
when compared with tiles produced by heating at 800 or 1000 o C.
215
In the formaldehyde adsorption the 800 o C calcined green tuff powder showed that after 5 hours
216
formaldehyde concentration decrease to half of its initial concentration and a high adsorption 217 rate similar to the activated carbon was observed. The tile heated at 1100 o C also adsorbed 218 formaldehyde.
219
The adsorbed formaldehyde on the green tuff tile and powder might have a possibility to 220 decompose by photocatalytic for the composition of TiO2 and ZnO with zeolite in green tuff. 
